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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a compound 
semiconductor device having a novel configuration, without 
degradation in characteristics and reliability due to heat 
generated when Used, and being capable of withstanding the 

use with high power, and to provide a method for s ' ~ < 

manufacturing the same. t^.^^^ / ^j»»iwsiis?v'^- 

SOLUTION: In the compound semiconductor device, 5'**l^f!''= t■;^^^^'~^^:.^^. 

including a contact structure 106 consisting of a plurality of — 
layers provided on a semiconductor multilayer 120 and an « 

electrode 109 provided on the contact structure 106, a Vt, a ^^as | ^^4^ 

layer 1 06c on the side closest to the electrode 1 09 among '**' ' ^ 4J'!5!^x:-'^*' 1 - ^J^w 

the plurality of layers of the contact structure 106 is made *^ I ^^.4 s-ojiisussso!^ ; 

of InxGal-xAs (0.9^11); and the heat generated in the | 

semiconductor multilayer 1 20 is dissipated to the outside " : " 

via the contact structure 106 and the electrode 109. 
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^^##l^^±tc?^S4$ii. i Ga, - . As CO. 9Sx^l) mt 1 n. Ga 

,-.As (osxso. 1) mtims.i:.9tm^fitii&^m^^^i. sffi!t«is 

S[«1i± ? n i L X 

IJie Tn,Ga,-,As (0. 9^x^l)gi:Tn, Ga,-,As (OiSx^O 
, 1) SiJi^SKllJiSitfciaft^milJi. I n. Gax - . As <0. 9^x^l) 
SS9>»^SWfim^'ri>K.^fi. T n. Ga, - , A s (OSxSO. 1) Sojj^JaSfc 
^^m^-r:i> j:^\:LLrzCk *#a i l-^ai*® 1 j:iE«<^'fli^«i|s»#IS11« 

1fl2jSB»^fil:aj±. I nAsfli:GaAsS#3!!£c«»sn-Ci'»*c:t*iif«t-?-* 
1 i Ttt* 2 K|B«<^'fli'g'»*«#||11« 

^a^^r^ < i I n . G a , . , A s (0 < x 

W!.itxTb^(). lii^ioO. QK^-fbtTV^^T n. Ga, . . As (0. ISxSO. 9) 
«5-.f3^:*li, ^SffiUSiJat/^^I n. Ga, - , As (0. ISxfilO. 9) JBU« 
i-* I n. Gai - . As (0. 9Sxi 1) *-f>4:*Ji t-C««$4i*^l'-T'-f K 

5 ] 

, = . As (0. l^x^O. 9) i'^^J:i>m-'^^^^\ H^l'-T'f V K9^#^l¥Si 
1t(l2^^##^J§J±. GaAs7j>f>^*3Pi^^'S0^^-:^JBi. A 1 GaA s t;t{±I 

7 ] 

^i|ijgt#:#@±(-^^JS?*U In. Ga,-.As (0. 96x^1) Sfcln.Ga 

, . . As co^x^o. 1) mti}^s.izmm^nfcis^j-mMi:^L. misi^ft4>a 

»'»ia^S:iU n , G a , - , A s (0. 9 xi 1) ji*-?>^fa a > hflliit , 

^m^S± # *i 7t T'i 

I nPSlgt. 

n P^«±U®J£$*1.. In, Ga, - . As (0. 9^x51) Jii I n, Ga 
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I n PSK±t. 

nP^«±U^«$*i. I n, Ga, - , As (0. 9ax^ 1) Jii In, Ga 

1k^mi^^m±izW^^ii. In, Ga,-. As (0. gSxSDSiln, Ga 
, - , As (OiSxSO. 1) m k-^^S.i:imm9Ht:^^^mi&^^ 
'-iia«)g;&«T n, G a , - , A s (0. 9^x^l) mH^h^jii^y^ YmikL. 

1 1 1 

T}t[Sg^##f^^:^\ i nG-iA s *^:j±i iiP*-^'5t-&=il.-}r^fgt> 1 n G a A s 75' 
I nPtrzli I nA 1 A s^>h^j:i>J^^ y i^B t^^tf^tn^^/^ 

[««^^] 

[0 0 0 1] 
[0 0 0 2] 

[0 0 0 3] 

^n1^^n^ip>-^ Yfy^x^ (HBT) gm^^ftt^f^S^-^AI^. ^ik 
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[0 0 0 4] 

5» 3 7 3, 1 8 5#twS^$tlTV>^o 
[0 0 0 51 

^^3?<4:Sm3 0 0 {4. G a A s d'-<b4-*#i6»te^m3 0 1 ±U^«##Ji $2 Ok. 
Jl>fex$ :jr^g3 0 9«±U^3'4Jii»«^JR (Ti/Au) 83 1 2*:ft-l.T-'t>7' 

3 1 33&«SS#$*lT!/>-fec 

[0 0 0 6] 

+ 18/cm') j5^f)^2>*>'3^:i':5'.fl3 0 2 : 5 0 0 nm) v n-GaAs ( 
^M^A: 2. OE+l 6/cm*) »«?)^^>3l'^'i'Ji3 0 3 : 7 0 0 nm) 

V p'GaAs f^iat)«l^:2. 0 E+ 1 9/c m*) d-fe^iri&^-XJgS n 4 (E? : 
SOnm) , n-AlGaAs (ypiiil«!J?ftS : 5 . OE+17/ cm*) o-<5^:*J^S -y 
^«3 0 5 (ISiS : 1 2 0 nm) >4:-i«DJgC«SL?t^ST. ^^-r nJg-^/M ? h 
(HBT) *^^LTi'^*o •»'73V^^^'S3 0 2v '<-;^JS3 0 4. x= -> 
^^S3 0 SUti^Jt-eJrni'^'^'SgS 11 (AaG e/N i/Au) ^ ^-x^g3 i 
0 (T i /P t/Au) JIO-'J^? ?^S^3 0 9 (T i /P t/Au) 7)^-e*imE^a«l 

[0 0 0 7] 

3 0 9 (T i / ? t/Au) (aj<i03:/.=';^ h^hi>/cii>KfSHfhHXisn. v^-.ts 
0 51iU^J?P,*i.r^n*GaAs5j^«>'5:*^l M3 0 6 a (/FM^j&ft : 5. 

0E+ 1 S/cm\ fr? : 5 0 nm) > -xg » ^|g3 0 9fl|Ki8:Jt^>itfc n' I nGa 
As*-f>«tafg2=>>^5':? h§ j 0 5 c : > 1 . 0E+19/cm\J?3 

: 5 0 nm) i:> ^ 1 .51 0=1^2 <7>3 v ^ ❖ hJiS 0 6 a^U^S 06cMK. n'InGa 
As3j-^>i:4:rv— -f -f V K.IS 0 6 b (^MfeSSfe I > 1 . 0 E+ 1 9/c m\ 
: 5 0 nm) S*^LTi/>*« 
[0 0 0 8] 

S9<^»«tii3'v>T{i, ^2:^y-^ ^ y!B3 Q 6 cfrWT*^#i: LT. T n^G ai 
-xAs (x = 0. 5) <my>>hii^o InGaAsti, g«gt<0^*Ji^ K-7■^W^te 

0 T rio.sGzo.iA&i'h^it^Z^y^^^' hfSi 0 6 c i G a A s ei"«e>'5c*l^ 
1 3 :^ * h Jg 3 0 6 a t <^»^Sf^i5 Jt iy{El9#Sf-^* t I n^SfiJt* 0 
^^<30. 5 i'C^^b?*^^^!'— K)i3 0 6 bt, ^J^^i' Mii:^2 3:^?^ 
:^ f®i«0lSki^)ifei-2»o AjET4-m«;«43> ^*S^^:^^>1 n^jialiJfcji. 0. 5 
gJt-e-hS-t^* J) . -iteSStT n<7>iBSjt*«0. 5 Jil±K«:«>i: , 1ft^1gSfc<o5^-|S:^W 
S^^:fet < !&^<, ^oT, '^*j±. ri- -r-f V Kg 3 0 6 b^^ 23>*'»hJg306 
ccO*t«tLT. x*5o. 5;:il±<Dl nxG ai-xAs*SfcxTS!'"&it<4*i^o/co 
ii^-Cv Sj5i:i*i»>Tti. tlfejfc)}»t)fflii»^>nTv»aGaAs^ttfl-t*c. ie%i£iii:H 
B T * ?t 36 (^^S<fe#f^ i L T , •g|:H Tt ^ T ^Tf ^l-i-* 1 . 

1 nPS«t^i&^S-&-^5> I n,Gax-,A 3 (x = 0. 5 3 ) ii^*fift**&@ S^ftTgT'^^ 

[0 0 0 91 

KJLTKSl 0 t:#KL^ir^^t>. in,Ga»-,As (x = 0. 5 3 ) 

nPiRHBT<0«lKS-i!l??-r*« i<oia^HBT7 0 Oti. T nP3*»«>**¥'iffi»'l4 
**e7 0 1 iliil^'^fr^ff 7 2 0?5^i&J«$n-Cv»*o 
[0 0 1 01 
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mil. 0 E + 1 9/cm*) *'^«?*'fl--7'3^i>'^'S7 0 2 : 5 0 0 nm) > n 
- I n«.,,Gao..7A s (^ifti^jftft:!. OE+1 6/cm*) ^^€>'5:*3l'fl^^'Ji7 
0 3 : 5 0 0 nm) . p' I n,.,, G a».47 A s (7FM#SJ£ : 1. OE-S- 1 9/ 
cm') ii>hti:i>^-:;f.m7 0 4 iW-^ :60nm). n-InP (>pa«Fi&IE : 5. 0 
E+lT/'cm') *'?>4'ii?, •^^'.e? 0 5 (J¥3 : 1 0 0 nm) iiC^jKtiaSL 

[0 0 11] 

Lxa*). •'f7'3i.i^^Jg7 0 2<^Saig&±U3l'??'Bg7 1 lf>\ tt:^ ''<:-;p;JS7 i» 

?y^'e7 0 5±t:{in^T no.53Ga..4TAs (^i^^^S : 1 . OE+19/cm') 
?5»«3*f2>Ji5 v^a^^-^ fS7 0 5 : 1 0 0 nm) 4:^>L-Cx^ ?'^'«fe7 0 9 

[0 0 12] 
[0 0 13] 

TnxGai-^As (x = 0. 5 3) iftW^fflv^Ar^t^l^^ii^SfiUiSV^TW 
. G a A s ^ttf!l-*ffli'*^:j©-^tclk^T«^3effi^1±J±A < ^2>75\ < 

[0 0 14] 

[0 0 15] 

In. Ga,-,As (0. 9SxSl)Jii:In=Ga,-,As (OSxS 
, = . As (0. 9<x^l) m^btii,7iyJ!^c^ym&t^ ^^yyi' hSjt±k^« 

^^^^ SC?K'«>-:/S':fl-tTn»'^a£ft$**ii:S'«ai:-r*c 
[0 0 16] « 
mrie In, Ga,-,As (0, 9^x^l)giln, Gai-.As (OSxSO 

. 1) .li:^^SJcaii3^?tS»i^»ittt. In. Gai-.As (0. gSijtSSl) 

S<7)j9-+giit^Jj«^-f-^|co*U In, Ga,-.As(0£xSO. 1) SOf^-^SSfc 

:5«it2lili-* J: d L. 7t i t Sr#® i LT =fe J: 
[0 0 17] 

mieS^&^^ati. I nAsSirC aA sJl**3£2UM$itTvii>Ci*#Sii:LT 

^) J:v>* 
[0 0 18] 
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nir^hP^< tiil n. Ga,-,As(0<x^O. 1) *-t>*a§t. -e<0±Hi£tt 
€>*L> g¥###>l3a-?>^^ffit;ift!^^9 i-oJlTillftJt X 75* 0 . 1 35-f5 0 . 9 t^ffi/ftUT 
I***! tt. Gai - . As (0. l^xaSO. 9 ) 75>f>^*Si v i[Sfe-3i<)jSv>t, 1 
n, Ga, _ , As (0. ISxSO. 9) JSK^ft* I n , G a , - , A s ( 0 . 9 S 

''[O 0 1 9] 

NfiljtUisv^-C, aJ*.Jix**0. l;5'-4>0. 9U3?-fbLT'/U-> T n, G a w 

[0 0 2 0] 

liFl5####S{i, Ga Ass5'-^^*3l'^'^'5lCl''^^;^Si. AlGaAgtfclil 
[0 0 2 11 

31 it. In,Ga,-,A8 <0. 9^xSl)gi:In.Ga,-,AB (0 
, Ga,-,A8 (0. 9£xS 1) ®a-%^r5»3y^f^' h^jl^:, N^ji± 

[0022] 

,-,As (0. 9Sx;Sl)Si:In, Ga,-,A8 (O^x^O. 1) 1 ^:**S1S: 
$ n 7t iSfe^mil*- if * S t , mm^^m&ii- ?j **S<^±Jc#Jg $ ^3(C# 

[0 0 2 3] 30 

a,.. As (0. 9SxSl)Jii:In,Gai-,As (OSxSO. 1) Si:s&«35 

i^prnt, m¥mi^^m±K.m^^^i, T n. G a , _ . a s (O. 9SxS 1) #i T 
n. Ga, - . As (02£x£0. 1 ) e£::!>^£t-IIS$tir^ig^^^7lirWt> 

n, Ga,-, As (0. 9 ^ 1 ) JB)5>^>^t«>3 > bflljl 

[0 0 2 4] 
[0 0 2 5] 

fli^le#«^|;#S;6^ T nCaA s t/tJil nP3j»«>*<.:3i.^»j§i:, I n G a A s a- 
fe^c*-^<-;^8t, 1 nP *?tl±I n A I A s J^t,**^? v t#tr^-rnJgg-/< 

h X » ^rflliife LT i t t LT J: i-^o 
[0 0 2 6] 
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[0 0 2 7] 

^h^y V X r? ^<7>^ .'^ 7 - ^tfeffl ^ *l -& <b^$5; ^mi^^ 1 S-^^ll-A i i 3i)^T- i a> o i 

[0 0 2 8] 
[0 0 2 9] 

3 0 3 i p'G a A S''<-xJi3 0 4 i:<^ia-C±tc|SSui-^,3i,^ i«*!t{±^i zi:. ^ ^ y 
S 3 0 6 a . y I. - r f >' K§ 3 0 6 b X ^23 v J' 7 f § 3 o 6 c t^DTSciiS 

[0030] 

xGai-xAsmi^i43i,>-C{iGaAs < , G a i5U n fiife $ H * a?5^« 

ii:*W-*o i<7)i^:3J•^«x.*^:^ 139^1^ 2 3 > hJi 3 0 6 c Iiio.sG 
ao.»AsT**?t**e»iBfd«-»S<, ^^I'-xV V KjB3 0 6 bliSg2 3>^':^ ^ 
Jb3 0 6 cfl!^>"3^1 HS3 0 6 aflHi£-=J<K|feoT. f!fef£«*tt A < o T 

[0 0 3 1] 
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mi] 





ttBil>mv*/cwP 














13. ze 




«.«t» 


14.71 






iT.n 






20.(3 




•.US 


]S.I3 


llMji&IMlAs 


«.MI 






0.014 


1S.SI 






10 S3 

1 


SfiAs 


a.M 


i 



[ 0 0 .3 2 ] 

SJfSU/cJt^ ^2^> hm3 0 6 cRVii^U-r-i >/ K.13 0 5 b<OSS*sa* 
If* ligj-^ 1 0 0 nmSK-C*i9, it#K»'/»co^¥#f^^^«OSl«tSrBa»f * 

[0033] 

3l':?i5'J§7 0 3fc p* I nB.s,Ga,..TA8'^-;^S7 0 4 i: <^Ht'±(;5l*T*:^'> 
^JJ' Mi7 0 6^J:CF-iJ-y:JW^';J'g7 0 2Uol'^TifSJ^K, ^^jS^»^^<7>®[S%S'ia«? 

[0 0 3 4] 

10 on. G a A so-^**#iJg1^^1 0 l±U#3|S^J:#Jg 1 2 0 •|-<7>±ti?g« 
^4l.;t3>^:Jr f.«itl 0 5**L. a^^'^' bmiil 0 6 ^±BKi^J*$*l7$:T i/P 
t/AuJ&^?>=&«S«l 0 9±U. ^ y^ffl«B4^«t (T i/Au) Bl 1 2*^LT^^* 
>7'1 1 3:9^^$nTv»*<> 40 
[0 0 3 51 

+ 1 :«'?)^!:2>*7'3V.^^'il 0 2 (»f § : 5 0 0 n m) . n - G a A s ( 

^W^jftS : 2. 0 E + 1 6/cm*) ^••e>«c*3W^ ^-Ji 1 0 3 (J?$ : 7 0 0 n m) 
V p'GaAs (5Fi«»««:2. OE+1 9/cm') *-e>Sf*'>-.^Sl 0 4 (IS? : 
SOnm) . n-AlGaAs : 5 . OE+17/cm') jS-fe** 5 y 

^J§10 5 (If3:i20nm) i S:, CK^Sti^.S L*:^:a'C. A 1 G a A s / G a A 
S ^f-D^#A^ ^ 9 y V X ^' S-ilUfc LTl/^Ao 
[0 0 3 6] 
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(9) JP 2005-26(K55 A 2005.9,22 

GaAs (^H^mMM : 5. OE+1 8/cm') *^^if-&g 1 a:^*-^ hJg 1 0 6 a ( 
: 5 0 nm) . J-^ v 0 9il|t;^»t 63^72 n' T n A s : >1 

. 0 E + 1 t^h^^^2^>^ hS 1 0 6 c (S^B I 5 0 nm) »1 

»OP!»2<7>:j>'5'^ hJgl 0 6 aRff 1 0 6 cHK, iS^l'-f >f K»l 0 6 bS-^LT 
^^--r-^ ? KIBl oebJiGaAs t I n A s t*-?>i&aa»^i»i6T**o 
[0 0 3 7] 

f V K.e 1 0 6 b It. GaAs <r>^mk 1 n A s fci5^X2^i«fS ? 
^fiS-^L-T^ii. GaAsBl =7:^^'^' hJgl 0 6 aifflji^6>. T n A s^2 :? > ^ h 

5 1 0 6 c umif-^ Kiiii-C ([a*^*-f>&) , I n A s ^^m<om^i}'mfi\i-t^ tkii 

GaAs ^'f-m<r>W^-ii*WPi-i>^ aso^JKU^v^rsi, GaAs ( l 0 6 a i / 
I nAs l^^m/G ak% 9fl-^Jg/I nAs 2!9-^JS/GaA s S^^m/ - - - / 
GaAs 3S-^®/T nAs SS-^S/GaAs 2 nAs 9^^1/0 aA & 

IS-^^S/I nAs (10 6 c) ^^JtS'^LTv*?,^ Cic^ig^&^lfl:^^ J: *) . GaAs 
75»Pj^4S5l3;'^:^hJil06atInA s 3&-e>4^2.f^2 3> fJS 1 0 6 e tiORi 

6 b>^^^ib*l*o 20 
[0 0 3 3] 

[0 0 3 9] 
[0 0 4 0] 

¥lfi»ttG a A 8 1 0 l±U-9-r3l'*^'gl 02, 3l'^'^Sl03,^ 30 
-T.mi 0 4, X= 0 5v h«t:Sl 0 6 1 3 > ? M 1 0 5 a . 

^I'-f -f 1 0 6 .5tCF^2 N§1 0 6 c) ^Hi-MB E^^MO C V 

D & ^ i:' f i 1^ f ^ ^ H-dSft $ o 
[0 0 4 1] 

Ml 1 K -^^-^SISl 1 0, ,T£CFji3 -»^r^gi 0 9S'^^jfti-^» i-yf>*^(OXgi: 
[0 0 4 2] 

A a G e/N i /A u^Jiv^>i:o A u G e/N i /A u<^Tn^-fl: 

jftSfig^tti^s 9 ot!-e**» T i / p t/AutiTD^<i:»ajt^S-c*a?tae>, ^tc 

[0 0 4 3] 

±|B*ffiWTti. 'N-xm®i LTT i /P t /A u*fflv»7t:6\ P t/T i /? t / 
A u SrS'/^T i J: < , -t-W i: A P t /T i /P t /A u ti 4 0 0 t^JsHi-CT D YltiSai 50 
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?i^L-CTD4'fls»5a*Jti-c:t:4^*H.>o J: ^«i'^SJtTft?i*ig>Si:i-&P t/T 
i/P t /A uwrn-f^t^iiair^ttfonrft. A u G e /N i /A « coif*. Tn-f-fb 
^iff^^^Vir^^mi 1 1 *5^J«r*c:im:o-C, fiaiOTo^'fkjgkat; J: oT^ 

[0 0 4 4] 

[0 0 4 5] 

[0 0 4 6] 

V ^'^ffil 0 3<r)Ii[±|C/>'>-/l 1 3*?K«t*;tie>K, it^'SSft^^JS 1 2 0 

, 3 h^^i 0 eso'^iiMi 0 9,11 051 cFi 1 i^mm^iit^^m^^m.! 

0 l^^®f::S i NxiLt 1 0 0 nm, T^^X^C VDfeK: i iJJife^LA:^. v 20 

V T-^i&j* L/C UUffiT * M^i^J^ K Jt i) , -(fc-^ 

[0 0 4 71 

^rtap (*#jE#*IB 1 2 0) -ClS^LAiifeii? 0 9»Kj%sfiA< fttt LT<k 

m 2 liv ;«:$tte4<^^b^l&^«^S 2 0 0 t^-fo fb^Hb^^frilfi 2 0 0 (i. ^ ^ 

-^Ji2 0 5> so'n^^i' 0 6<^«i^:«*. 1 (^-fb-a-^^^fi^sa 1 0 0 

[0 0 4 81 
[0 0 4 9] 

<t&«r*##SS2 0 0 it. G a A 8!5-^*i%iiS»ft*«2 0 l±U#«*i:^S2 2 
Ot-etf>±K^^JS«i*t7l:3:^^^ h^i£2 0 6t**L. 3 ^ h»«2 0 60±®K 

?gj^$n^mg2 0 9±K^ ■j^mmn^^ 't i /a u) S2 i 2^#Lf /<>'i/2 i 

3»'^^?H-Cv»i^ ^iS#*S 2 2 0I±. ^mm^Si^2 0 l±tc, n* G aA s 
M<a^*:5. 0E+ 1 8/cm*) ^•«>«*-9-r:3l'j'iJ'lS2 0 2 (Jf^; 5 0 0 nm 
), n-GaAs (^m^Sk^:2. 0 E+ 1 6 /c m') a 5^ ^« 2 0 3 ( 

J?:^: 7 0 0 nin) , p*GaAs (3p*tl9»gc : 2 . OE+19/cm*) a-A^ci-t- » 
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5ig2 0 4 (M^lSOnm) . n-InGaP (^FM^jSlt:5. OE+17/cni* 
) v^-Sa 0 5 (RJ?: I2 0nm) t *i^MK8f.^ L<:fl|iST. InG 

[0 0 5 0] 

ffc&^l^^ftSSB 0 OH^v^Ttt, Jt» -^s'SB 0 5Kn- I nGaP (?P 

: 5. 0 E + 1 7/cm*) *fflvs nv*'^' ^^^^il2 0 ettias (a) k^i- 

[0 0 5 1] 
[0 0 5 2] 

^yi'i^ h^:a2 0 6rt. G a A s *-^>'Sj*^ 1 3 > ^ hS2 0 6 a : 50n 

m) . iri—r-f y KJS2 0 6 b (0$ : 5 0 nm) l^&l n,., G a..i A s ;5'«e>«4S^ 
2:2^^J'^hS206c (l?$:50nm) *;i^i-2.o ^'V-r f ^ 2 0 6 bti. B 
Iziy^^ySZO^ allKJfS 1 5 nm<^T n».i G a«.» A s 1^. ^2 3>':^i' KJg 
2 0 6 c«|KJ?3 1 5 am<r>l n»..G ao.iA s tlTL, miS^mi^^'^A^^mm\^$tit 
i"* I nxGai-xA s (0. l<z <0. 9 ) @ (J?$ : 2 0 am) 4:* L fi'^^o C<^> 

nxGa,-,As (0. l<x<0. 9) So 

[0 0 5 3] 

135 Kh) tigtti^t:iv S(523>^^ TS 2 0 5 c' k LT I nA S3&-?>'S:& 
iSS'ffl'^'/^ttllifetiiSiy^Tt, ^V-r < KJS2 0 6 \>^m2^>^^ M2 0 6 c' M 
U I n^.,G a..iA s »'-<b4*iil*¥LX!/>*cr)^, |^23>':S'i!?hS206c'i<?>fe 

^ fe^ i * t « c i s a o 

[0 0 5 4] 

*^»«fl<iO^^V-'f f v K)i 2 0 6 bti. T SjitCl'^^i- < i I n,Ga» 

.xAs (0<x£0. 1) ^2 3;^:J'* ^gffli|U^^^<^:•<>T nxGai-xAs (0 » 

. 9^x< 1) S**L.. 'eil^<i^HI^^^$4t^i!^fei§^^&i/»I tixGai-xAs (0 
. i< X < 0. 9 ) m<r>W- ? Ji , IS 9 tri^^5ll<^^^i'- f^i KS 3 0 6 b «Jf ? <fc 
») In^Gai-xAs (0. l<x<0. 9) ^<35lf$iji. ^^l— -f 

-f •5' KJi2 0 6 b<^^<$:«JP?<^*>J5 0%MT75*M5 I <> fe^at'&-S"b#-frT3^x.* i 

[O O 5 5] 

<t 2 0 0 fi. ^isfi 1 <r>it^^'^mw§i^ loot mmii-nm^m.Tkt 

J&iti^^Tt^o tt-'<-7,n,%2 10. 3 l'^' 1 l<i^:)?4< tt—otTo^ 

Av» ^ i li. llJiipa 1 i:ISl^-e*4o ^l- -7"< •/ 2 0 6 b tt. GaSW^ln^Sfi* «> 
» 

2 2 0) -CS&LArl&^i^ v #'«fe2 0 9ttK35!)!^ja< SfetiJ LT-fb 

[0 0 5 6] 

(a) iiif/»TliI nxG ax-xAs (0. l<x<0. d) e<oa#Hirux^jv^ 

- 1"X%VE cd^gaWK^ftL?t$«*^L?t::5s E c ii^WL'^mt fz\t^Um'mtLX ^ 

7* f y Ke2 0 6 b<7>S)fe{l. mi ^ ^ VBZ 0 ^ z tmz^ > 9 ^ Y 50 
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[0 0 5 7] 

f&InxGai-xAs (0. QsSxSl ) 'fe-Ct*, 

[0 0 5 8] 

^ e> U . ^i^aW!<^ 3 >' h flifi 2 0 6 t-^»t4 r f 2' K® 2 0 6 i-ftxT . 
i I n«.,Ga,.iA s^W^©?rSl£K?^«L^gfe^^jS tri^'l— -T-^ y Klfc LT 

1) s-s uli. HStl^l:*i•^^*•^»4*s*ss5:KSJiLJ^iili^&^■«iSS:ffl^»* 

[0 0 5 9] 

[0 0 6 0] 
[0 0 6 1] 
'[0 0 6 2] 

*>t:±SB^iSfniU^|y>TtA. A 1 G a A s /G a A s coHB T5lC?I nGaP/GaA 
[0 0 6 3] 

^l6jitfe<^GaAs*«tC'f^5;t-C^^e<iDl nP*St/^-C. InP^^HBT 

3 ) 

4 0 OJi. in P-A^h^<>^i^mn&^4 0 l±|;*«f|J^JS4 2 0 -e^iJc^^? 
n>ti5 yir:3y^^ hg4 0 6lrSL. $ y 5^ ;3 M 4 0 6«±ffli;^M$il 

7irWN/T i/Pt/A«^^«>**Ji$-^^ag4 0 9±li, > (Ti/ 
Au ) m4 1 2*i>Lt'/'?;^7'4 1 3;&^-^$4iri'»Ao 
[0 0 6 4] 

*l§<t#S4 2 0J±. 4^*glSl±S«4 0 1±JC. n' I n,.,»Ga«.47As (^^i^S 
ft : 1. 0 E + 1 9/cm') 3j»P)'5:«-9-3^3k*i'S4 02 (JP$:500nm) . n 
- I G ao,4r A s (^FJIi^il,^: 1. QE+l 6/ cm^) ^'h^&^l^^^mi 
0 3 : 5 0 0 nm) . p* I n,.,, G a,../ A s (/pM^JSife : 1. 0E+ 1 9/ 

cm*) *-i3!S:&^<->^)i4 0 4 (1?$ : 5 0 nm) . n-InP (^*S®fiJK:i. 0 
E+ 1 7/cni') v^'!i4 0 5 I 1 0 0 nm) t*C<^Mca«U 

[0 0 6 5] 

LTi3l?. *7'n^^r-j'§4 0 2<^>gaj?iJ±Kl3l^*'^'mfe4 1 1:5s Sfc. '<->^^4 
0 4«)jtttlgp±ull'^-;^M4 10**. -^^'Sgi: LT#jft$*itv^a»* 

? V ^'.ig 4 0 5 ±Kl±x. = y ^ 3 > ^ ^ 4 0 6 *1>LTX5 ^'M4 0 9:d«*-' § 
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[Q 0 6 6] 

h^rv^immtZ^'^t^^K^i.izmzm^hiiX^n, n'InAs (Mm^^l 
2. OE+19/cm') >a'GaAs (^*l»S8if:5. OE+18/cm') tiZ 

*^,aiW<^HBT<4, Jt5 •y^J's^^^ hJi4 0 6<^ikfeWW<> I nPil«t4 0 1 

(^SW 4 ) 

5 0 on. •9-^3 1. -^^ ^§5 0 2. Ji5 y t^iiS 0 SiJiO'x? v ^ > ^ ^ ^S5 0 6 
<7>x 5 ,^ H 5 0 5 ^^Slfl 3 <0^lfeKffi *ii:iT-§^,L. ^JSfll 3 <OH:#^#jj¥<$: 

[0 0 6 7] 

[0 0 6 8] 

<L-&ii^«#st 5 0 0 I nPH-^h^&^mm^n^ o i ±ii#«t#^s 520 

[0 0 6 9] 

HBT^SJ^fi-'J-rnl.^^iJfliS 0 2J4. n* I nAs (/F^^jft* : 1 . OE+1 
9/ cm*) *4 yS-^.li n"G a A s (^*I«!S*:5. 0 E+ 1 8 / c m*) * 5 3 

nP^5 0 1 tfe^gr&S-WiiiiiU. ^i'^SsfK«¥«'W'r«.-9-:/3 W ^' 5 0 2 
[0 0 7 0] 

S,^, x= i^.igS 0 5 {4s n- I n,.,, G ag.4. A s (^l*i^«Jt : 1 . OE+1 7 
/cm\ IP? : lOOnm) H^hti^, x? ^ :3 > ^ ^@ 5 0 6 J4, n* I rio.jsG 
ao.*?A s (T^miS99i$t: 2. OE+1 9/cm\ IS§ : 1 0 0 nm) i^^fe^t** 
**^f8fiD H B T {±. ra 7 :r Ji 5 0 2 <0^feS^d^^ < v I n P E« 5 0 1 I^L-^^ 
M^&LT'/»4r^>>. I no.5Ga..,Afe»*-^»4<>tt*<^*:r3l.**gS':fl-LTife!*tfT 
■9HBTKifc^T«b»iFt;&%5 0%JC*-Cfi«3*t4o i<^*:«>. ^^^ftSli 
5 2 0) -V-^^ltimi:! nPS^5 0 l«U«!l$A<ifeai LT'fb'fi'liJ^Sfrillwaift 

60 0 {4. •9-y3k*ifg602^J:C^J^^3'^3yif^ hJ16 0 6 I nA s 
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[0 0 7 1] 
10 0 7 2] 

^t^m^miif^mw. eooa. i n p *-f> & ^mmi&^ e o i ±K^m^§'m 520 

(T i /A a) B6 1 2«r:fl-LT-'ty7'6 1 33&<»&$*lTi/»*o 
[0 0 7 3] 

6 2 0 J±v it^«U»ttil«6 0 1 ±ic, n* I n A s : 1 . 0 E 

+ 1 9/cm') *4 7 n*G aA s (^^^i^jftJS : 5. OE+18/cm') t 

5 3 ^"f-mM L?t <^«: 3 0 Il» jg L rcjai&^<»i&*- I' ^ « 5 0 2 . 
n- I n..„G a..47A8 : 1 . 0 E+ 1 6/c m*) 3 -J^S 

6 0 3 CI?? : 5 0 0 nm) v o* I n*, G a».., A s C^MISg^ : 1. 0 E+ 1 9 
/cm') j5^^>'fl:*'<-XJi6 0 4 (J?? : 60 nm) ^ n-T nP {^H^m&St : 1. 
0E+ 1 7/cm*) *'*>i&»x5 ^^-Se 0 5 (l?S:iOOnm) i^i^JRKa® 
L;t:^:&-v:. HBT*«|« UTv^&o ±ie*-:^3 V 6 0 2 J±. i<7) Jt -9 *8tS^« 
iStJii? I nP^6 0 1 ttS^S-^S-^At^K, iSv^i5j£#$ii-ac:i;&«T?#^.« 

[0 0 7 4] 

J^5^*:3V.*? hJg6 0 6li. n*TnAs C^IS^jft* : 1. OE+1 9/cmM 
<0»^m i G a A s (^*6«»gaf : 5 . 0 E + 1 8 / c m') (O^St^^^K^m 

]^il."r« J: T K LT**o ^ ^-^ii. I n A 3 2 0 S-^S/G a A s 2 0 1 n A 

S 2 1 Jg/G a A 8 1 9 ^^e/ ♦ ♦ • /G a A s 2 ^^1/ T n A s 3 9 ^^m/ 
GaAs Ij?-^®/! nAs 4 0:9^e<Dii)St L^,.o ^(^l&^^m^Ki: ^ . ? ^ 
Ji 3 0 5 i l&^iE'frtrW^* t^U. Si'^lfte^^S-l-rix 5 -^^^3i'i'fHi606 3&< 

**.ia0il<7>HB Tii. InAsSiGaAsiit ^SfeHtftS t jtMl&^tgjt* x 3 > 

J:<ikt{l-e^. Ino.,Ga.,A s 35^f)«:4^*^x 5 3 > 5- ^ T-Jgis Jriwra 1^ 
^ *g*:n-l,TteJB^lS:^T^HBT^JtKT|Ri£^it75^^^3 0%Kf-t^fi2tgin C(^n:i6 

TX3 y tjr^j;^ ^^ hg6 0 6^jS1§^»jt*^ET«. I n A s ^^glfc^JS^f 

i ? ?'^mfe6 0 9^3'' ^ f- Sift* ^^5^ (7)7 0 % * -CTff & «!: t J&^f 
icn{t-e-i|,^M#^g 6 0 0 7 ') y -/^ " %m t r^^-C. I n 6 0 1 

US)l^A<¥«-»#Ji6 2 O-e^^L/its^^JL? y^r;^^^^ hJS6 0 6^ iCF^^T^^ k 

[0 0 7 5] 

[0 0 7 6] 

St^^SfJi, HiLii^ BurhanBcyraktaapoglu et ar,"VervMticM^r-Dens1ty CW Operati 
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on afC£iAs/A1CaAsM1crowav€ HeterojuiKtion Bipolar Transistors" IEEEBX.Vo1.14,No. 
10,0ctobep 1993, pp.493-495.t;S^SftTi'^*o ■fl'-?*'5^^> }• JCiJi#>'CSv» 

[0 0 7 7] 

-* 



[0 0 7 81 
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